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[57] ABSTRACT

~ A control apparatus for internal combustion engines is

proposed, in which the adjustment range or the full-
load position of a supply quantlty adjustment member of
the fuel metering apparatus is varied in accordance with
the absolute pressure of the aspirated air in the suction
tube of the engine in order to attain optimal combustion
at the greatest possible torque. The control apparatus
(FIG. 1) includes a pneumatic pressure converter and a
pneumatic adjustment member. The pneumatic pressure

~converter, in a first pressure chamber, contains an evac-

uated diaphragm pressure box exposed to the aspirated

~ air pressure (pr), which acts counter to a second dia-
~phragm pressure box exposed in its interior to atmo-

spheric air pressure (p4) and located in a second pres-
sure chamber connected to a compressed air source.
Both pressure boxes are connected via an actuation
member supporting a valve member, and the valve
member reduces the servo air pressure (ps) to a control
air pressure (ps;) which is proportional to the absolute
aspirated air pressure (prK), this control air pressure
actuating the diaphragm adjustment member function-
ing counter to a restoring spring and to atmospheric air
pressure. |

12 Claims, S Drav_ring Figures
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CONTROL APPARATUS FOR INTERNAL

‘COMBUSTION ENGINES, IN PARTICULAR A"
CORRECTION DEVICE DEPENDENT ON
CHARGE PRESSURE 'FOR SUPER- CHARGED

DIESEL VEHICLE ENGINES

BACKGROUND OF THE INVENTION

The 1nvent1on relates to a control apparatus for 1nter-}f "

nal combustion engines.
"~ Known control apparatuses of this’ klnd (German

laid-open applications Nos. 24 48 656 and 24 32 830)

function in accordance with the absolute pressure of the

asprrated air in the suctlon tube of the englne in as:prrat-:

ing engines, that is, they function in accordance with
atmoSpherle pressure, and in supercharged engmes they
function in accordance with the charge air pressure.
Because of the limited work capacity of the diaphragm
pressure boxes which process the absolute pressure of
the aspirated air, the adjustlng member of this appara-
tus, havmg a movable wall, is preceded by a control
device, in whrch the posrtlon of a valve member for
controlling a servo pressure medium is determmed by

an evacuated diaphragm pressure box exposed to the

aspirated air pressure. This control device functions’ as a
hydraulic follower-plston unit, and the dlaphragm pres--
sure box must generate either a control path corre-
Spondmg to the required ad_]ustmg-member path for
twisting an adjuster eccentric or, in the case of the
German lald-Open applloatlon No. 25 32 830, a control
path such as is required for dlsplacrng a three-dimen-
sional cam.” This sometimes requires relatlvely long
adjustment paths, which involve friction, and thus also
necessitates correspondingly large diaphragm box sets.
‘Furthermore, the supply and sealing of the structural

‘elements exposed to the hydrauhe medlum represents a

relatively great expense.
Other known control apparatuses, whloh funetlons

without a servo medium and include adjustment mem-
bers directly exposed to the diaphragm pressure boxes,
likewise have much too little work capacity, and the
necessary adjustment paths are difficult to attain. Con-
trol apparatuses are also known whose diaphragm ad-
justment members, exposed directly to the charge air
pressure, by contrast do have a larger work capacity;
however, they work only with the differential pressure
between the charge air pressure and atmospherlo pres-
sure and cannot furnish any absolute pressure signal
such as is required in order to prevent 1mperrnlssrble
smoke generation, especially when the engine is oper-
ated in areas of extreme variations in altitude. |
The adjustment members of the known control appa-—
ratuses either engage the governor ]mkage, in order to
adapt the governor characteristic in accordance with
the varying absolute pressure of the I_aSplrated air, or,
acting as a full-load stop, they limit the particular per-
missible full-load position of a supply quantity ad_]ust-
ment member of the fuel metering apparatus |

OBJECT AND SUMMARY OF THE INVENTION |

"The control apparatus aoeordmg to the mventlon has
the advantage over the prior art that, ‘because com-
pressed air is used as the servopressure medium, no
problems with sealing arise; also, dependmg upon the
des1gn of the pneumatro pressure converter, the control
air pressure which is proportlonal to the absolute pres-
sure of the asplrate air can be translated to a pressure

level which is high enough to produce the necessary
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work capaelty 'Furthermore, the known diaphragm
adj _]ustment members, otherwise: directly actuated by the

charge air pressure, oan be used as the adjustrnent mem-

bers.

As 2 result of the characteristics disclosed herein,
advantageous 1rnprovements to and modifications of the
control apparatus disclosed are possible. With the com-
blnatlon of characteristics given herein, despite the use

of an adjustment member functlonlng counter to ambi-

ent or atmoSpherlc alr pressure, it is possible without
great expense to control a precise correction, propor-
tional to the absolute pressure of the aspirated air, of the
ad_]ustment range or of the full-load position of the sup-
ply quantity ad_;ustment member of the fuel metermg
apparatus. By using two diaphragm pressure boxes, 1t 1S
possible to attain a very simple structure for the pneu-
matic pressure oonverter and the pressure translation to
be selected can be determlned by means of selecting the_
draphragm pressure box size without changing any

other. structural elements as a result, either the adjust-
ment member remains identical while the work capamtyﬁ.

" is increased, or the adjustment member can be reduced
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in size while the work capacity remains the same. |

By ‘using the bounoe plate valve disclosed, a very
precise oontrol of the eont_rol alr pressure is attainable
with:very.small actuation paths. Using the characteris-
tics -set forth herein, the quantity of air flowing out
during the control of the control air pressure proceeds

3g Into the first pressure.chamber communicating with the

intake tube; so that a release of the control air into the
engine chamber is prevented, or an additional discharge
line becomes superfluous.” As a result, 1t is possible to

‘attain a shift of the effective control air pressure range

to.a desired pressure range in a simple manner, and the
use of a: known draphragm ad_]ustment member is drs-

olosed

“The invention: wrll be better understood and further
ob_]eets and advantages thereof will become more ap-
parent from the ensuing detailed description -of pre-
ferred embodiments taken in oon_]unctlon with the
drawmgs | | --

. BRIEF DESCRIPTION OF THE DRAWINGS

-In simplified form, the drawings show:

FIG. 1, a first exemplary embodiment servmg to
explaln the basic function of the apparatus;.

“FIG. 2, a second example containing the essentlal

| oharaeterlstros of a praotlally reallzed eontrol appara-—
50 | | |

tus :
- FIG. 3, a partial section through the pneumatic pres-

sure converter shown in FIG. 2, but with the function

of the bounce plate valve varled for the third exemplary
embodiment;-

‘FIG. 4, a partlal section through the pneumatic pres-
sure converter shown in FIG. 2, but with the function
of the bounce plate valve varied for the fourth exem-

plary embodiment; and -

- FIG. 5, a pneumatic pressure converter for the fifth
exemplary embodiment having a bounce plate valve
functlonlng dlfferently from that of FIG. 2.

'DESCRIPTION OF THE PREFERRED
| EMBODIMENTS -

The exemplary embodlment shown in FIG. 1 serves
the purpose of explaining the basic function of the con-
trol apparatus according to the invention. This appara-

tus serves in particular as a charge-pressure-dependent
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correction apparatus for supercharged Diesel vehicle
engines. Adjoining a charge air line 10 communicating

with the suction tube of the engine (not shown) is a first

pressure chamber 11 of a pneumatic pressure converter
12 functioning in the manner of a pneumatic pressure
scale and acting as the control apparatus. A servo air
line 14 is connected to the second pressure chamber 13
thereof, which is made up of two partial chambers 13a
and 136 which communicate with one another. By way
of the servo air hine 14, compressed air acting as the
servo pressure medium and preferably derived from an
air brake system 1s delivered into partial chamber 13a by
means of an inlet opening 16 controlled by a valve mem-
ber 15; a portion of this compressed air continuously
flows out of this partial chamber via a discharge open-
ing 17 embodied as an outfiow throttle.

An evacuated diaphragm pressure box 18 1s disposed
in the first pressure chamber 11 and, exposed to the
charge air pressure pz, delivered via the charge air line
19, is secured on one side to a housing 19 of the pressure
converter 12 and on the other side to an actuation mem-
ber 21 provided with the valve member 13. The actua-
tion member 21 1s furthermore connected with a control
diaphragm 22 defining the partial chamber 136 of the
second pressure chamber 13. The control diaphragm 22
is exposed by way of a third pressure chamber 23, dis-
posed between the two partial chambers 134 and 135, to
~ the atmospheric air pressure p4 which reaches this pres-
sure chamber 23 via an aperture 24. The second pres-

sure chamber 13 communicates by way of the partial .

chamber 136 and a line 25 with a work chamber 27 of an
adjustment member 28. The work chamber 27 is defined
by a rolled diaphragm 26. The rolled diaphragm 26,
which as a movable wall is exposed to the control air
pressure ps; delivered to the work chamber, actuates an
adjusting rod 31 counter to the force of a restoring
spring 29. The adjusting rod 31 engages the governor
linkage of an rpm governor, not shown in detail, in a
known manner via an articulation point 31a, or it actu-
ates a pivotable or displaceable full-load stop for limit-
ing the position of a supply quantity adjustment member
of the fuel metering apparatus.

The evacuated diaphragm pressure box 18 exposed to
the aspirated air pressure pz acts counter to the control
diaphragm 22 exposed to the control air pressure ps;,
and both diaphragm elements 18 and 22 determine the
position of the actuation member 21 which governs the
control air pressure ps;, and thus the position of the
-valve member 15. If the compressed air continuously
flows out of the second pressure chamber 13 via the
fixedly set discharge throttle 17, then, when there is a
state of balance between the actuation forces exerted
upon the actuation member 21 by the diaphragm pres-
sure box 18 and the control diaphragm 22, the control
air pressure ps; prevailing in the pressure chamber 13 is
controlled 1n proportion to the absolute pressure of the
aspirated air delivered via the charge air line 10 into the

first pressure chamber 11, because the inlet cross section

of the inlet opening 16 is set by the valve member 15 in
accordance with the control air pressure ps; to be con-
‘trolled. When there is a pressure increase in the first
pressure chamber 11, this inlet cross section 1s enlarged;
when there is a pressure drop, the inlet cross section is
reduced in size. Because the control air pressure ps; 1s
directly proportional to the absolute pressure of the

aspirated air and i1s always an overpressure at a level

above the minimum atmospheric pressure, a conven-
tionally available diaphragm adjustment member 28
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4
functioning counter to atmospheric pressure can be
used as the adjustment member, as shown here.

In the exemplary embodiments shown in FIGS. 2-§,
the structural elements remaining the same or function-
ing the same as those of FIG. 1 are given identical refer-
ence numerals, while those whose structure is altered
are provided with a prime.

The.second exemplary embodiment shown in FIG. 2
shows the essential characteristics of a practically real-
ized control apparatus having a pneumatic pressure
converter 12" and a diaphragm adjustment member 28'.
In the pneumatic pressure converter 12’, the second
pressure chamber 13’ is a single control chamber and it
is separated from the first pressure chamber 11 by a
partition 33 containing the sliding guide 32 for the actu-
ation member 21'. The control diaphragm exposed to
the control atr pressure ps;and to atmospheric pressure
P4, In this exemplary embodiment, 1s embodied by the
wall 22’ of a second diaphragm pressure box 34, whose
interior 35 1s exposed via an aperture 36 to atmospheric
alr pressure pg4 prevailing outside the control apparatus
12'. The actuation member 21’ is secured between these
two diaphragm pressure boxes 18 and 34 and supports a
bounce plate 1§, acting as the valve member, of a
bounce plate valve 37. This bounce plate 15° controls
the flowthrough cross section at an inlet opening 16/,
which is embodied as a nozzle and is supplied with
compressed air at servo air pressure ps via the servo air
line 14. The play provided by the difference in diameter
between the sliding guide 32 and the actuation member
21’ serves as the discharge opening. |

In the embodiment shown in FIG. 2, this discharge
opening 17" has a constant throttle cross section, and the
pressure variation which is necessary for controlling the
control air pressure ps; is controlled by varying the
cross section at the inlet opening 16'. "

The control of the pressure level of the control air
pressure ps; however, can also be effected by control-
ling both the inlet and the discharge cross section or by
controlling only the discharge cross section when the
inlet opening is provided with a throttle; this is de-
scribed below in connection with FIGS. 3-5, which
show such control arrangements.

In the third exemplary embodiment according to
FIG. 3, the bounce plate 15’ controls both the flow-
through cross section at the inlet opening 16" and the
discharge cross section of a discharge opening 38 dis-
posed in the partition 33 and, located opposite the noz-
zle-like inlet opening 16', this discharge opening 38 is
likewise nozzle-like in form. The bore of the sliding
guide 32 here acts solely to guide the actuation member
21'. The flowthrough cross sections of the inlet opening
16’ and of the discharge opening 38 are controlled alter-
natively here by means of the valve member 15" in such
a fashion that when the inlet cross section enlarges the
discharge cross section becomes smaller, and vice versa.

The fourth exemplary embodiment shown 1n FIG. 4
substantially corresponds to the second exemplary em-
bodiment shown in FIG. 2; however, 1t is more similar
in its function to the third exemplary embodiment
shown in FIG. 3, because the actuation member 21"
here is provided with an oblique control face 39, which
with the shding guide 32 controls a discharge cross
section of the discharge opening 17" which is variable
via the stroke of the actuation member 21", In this ex-
emplary embodiment as well, the inlet opening 16" and

- the discharge opening 17’ function oppositely from one

another in terms of the control of their cross sections:




S,
the bounce plate 15" eontrels the inlet cross section at
the inlet opening 16’, whlle the obllque control face 39
of the actuation member 21" contrels the discharge
cross section at the dlscharge 0penmg 17".

In the fifth exemplary embodiment shown in FIG. 5,

the inlet opening, supphed w1th compressed air via the.

servo air line 14, is embodied as a throttle and given
reference numeral 16”. In order to control the control
alr pressure ps; prevailing in the pressure chamber 13’,

the bounce plate 15" controls only the dzscharge Cross
section of the disCharge ¢ opemng 38, which is embodied
in the form of a nozzle as in FIG. 3, and the actuation
member 21’ is guided with little play in the slldlng guide
32 in a manner which is low in friction.

In FIGS. 2-5, the valve member 15 is urged in its
closmg direction by a valve spring 41, the force of
whose initial tension causes a parallel displacement of
the control air range, as a result of which the control air
pressure ps: can be adapted to the work pressure of the
adjustment member. As shown in FIG. 2, the force of
“the initial tension of this valve spring 41 can be varied
by means of adjusting means 42 for displacing the effec-
tive control air pressure range. For the sake of simplic-
ity, the adjusting means 1s represented as a shim 42;
naturally, other adjusting means can also be used espe-
cially infinitely variable adjusting means.

In order to displace the effective control air pressure
‘range and to adjust the position of the valve member
‘15, the position of installation can also be changed for

~ at least one of the two diaphragm pressure boxes 18 and
34 by means of adjusting means. In the exemplary em-
bodiment shown in FIG. 2, this adjusting means is rep-
resented by a compression screw 43 accessible from the
outside, which simultaneously serves as a means of axial
and radial positioning of the pressure box 18.

By the appropriate selection of the differences in

diameter between pressure boxes 18 and 34, for instance
‘with a surface area ratio of 2:1, a pressure translation
between the two pressures prevailing in the pressure
chambers 11 and 13’ in the exemplary embodiments
shown in FIGS. 2-5 is attained from pz:pspu=1:2, and
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ment range or full-load p051t10n of a supply quantity
adjustment member of a fuel metering apparatus, said

“correction apparatus further including a valve member,

an evacuated diaphragm pressure box, a control means
connected - to: said evacuated diaphragm pressure box
which determines the position of said valve member for
contro]lmg sald SErVO pressure medlum by means of
said evacuated dlaphragm pressure box exposed to aspl-
rated air pressure, characterized in that compressed air,

' 1s used as the servo pressure medium and that the con-

trol apparatus comprises a pneumatic pressure con-
verter which reduces the servo air pressure (ps) to a
control air pressure (ps;) proportional to the absolute

~pressure (pz) of the aspirated air, with the servo air

pressure at a hlgher pressure than the absolute pressure
of the aspirated air, said pneumatic pressure converter
further includes first and second pressure chambers,

- said first preSsure chamber containing said evacuated

20
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diaphragm pressure box which is exposed to aspirated
air pressure (pz), a control diaphragm in said second
pressure chamber, said control diaphragm being ex-
posed to the control air pressure (ps¢) and arranged to
function counter to atmospherle air pressure (p4),
means defining an inlet opening in said second chamber

- which serves to supply the compressed air, and means

defining a discharge opening through which com-
pressed atr may flow, and further that the flowthrough
cross section of at least one of said inlet opening and
said outlet opening i1s variable by said valve member for
the purpose of fixing the control air pressure (ps;), and
that said second pressure chamber communicates with a
work chamber, defined by said movable wall, of said
adjustment member which functions counter to atmo-
spheric air pressure (p4). .

2. A control apparatus as defined by claim 1, further
wherein said evacuated diaphragm pressure box com-

- municates with an actuation member for said valve

thus a corresponding increase in work capacity 1s at- .

tained. Furthermore, by means of the force of the initial
tension of the valve spring 41 and the inherent spring
capacity of the pressure boxes 18 and 34, the entire
effective control pressure range is fixed such that even
the temporary underpressure in the suction tube of the
engine, which especially occurs upon acceleration dur-
ing starting, 1s reliably translated into a control air pres-
sure ps; as required for reliable 0peratlen of the ad_]ust-
ing member 28’

The foregoing relates to preferred exemplary em-
‘bodiments of the invention, it being understood that

other embodiments and variants thereof are possible

~ within the spirit and scope of the invention, the latter
being defined by the appended claims.

What 1s claimed and desired to be secured by Letters

Patent of the United States 1s:
- 1. A control apparatus for internal combustion en-

gines, especially a charge-pressure-dependent correc-

tion apparatus for supercharged Diesel vehicle engines,

said correction apparatus including an adjusting mem-

ber, a suction tube connected to said correction appara-

~ tus, said adjusting member including a movable wall

controlled in accordance with absolute pressure of aspi-
rated air from said suction tube and displaceable by a
servo air pressure medium connected to said correction
apparatus said movable wall arranged to vary an adjust-
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member, further characterized in that said control dia-
phragm likewise communicates with said actuation
member, and further that said evacuated diaphragm
pressure box actuated by the aspirated air pressure (pr)
is arranged to act counter to said control diaphragm
which is in turn exposed to said control air pressure
(psy) and further that said evacuated diaphragm pres-

~sure box and said control diaphragm determines the
position of said actuation member and said valve mem-

ber which governs said control air pressure (pst).

3. A control apparatus as defined by claim 1, includ-
ing a second diaphragm pressure box characterized in
that said control diaphragm is embodied by one wall of
sald second diaphragm pressure box, said second dia-
phragm pressure box having an interior exposed via an
aperture to atmospheric air pressure (p4), and said sec-
ond diaphragm pressure box being surrounded within

- said second pressure chamber by the flow of the com-

pressed air at control air pressure (ps:v).

4. A control apparatus as defined by claim 3, charac-
terized in that said actuation member is secured be-
tween said pressure actuation boxes and said actuation

‘members further arranged to support a bounce plate,

sald bounce plate further arranged to open and close

-said inlet opening in said second chamber.

5. A control apparatus as defined by claim 1, charac-
terized in that said means defining said inlet opening has

~a variable inlet cross section controlled by said valve

member and said means defining said discharge opening
is embodied as a discharge throttle.
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6. A control apparatiis‘:as' defined by claim 1, charac-
terized in that said first and second pressure chambers
are in close proximity and separated by a partition con-
taining a sliding guide for the actuation member. |

7. A control apparatus as defined by claim 6, charac-
terized in that said disChargeprc‘ning is disposed be-
tween said sliding guide and said actuation member.

8. A control apparatus as defined by claim 7, charac- '

terized in that said actuation member is provided. with a
control face which is variable via the stroke of said
actuation member. -

9. A control apparatus as defined by claim 1, charac-
terized in that the flowthrough cross sections of the
means defining said inlet and outlet openings are alter-
natively controllable by said valve member in such a
fashion that when the means defining said inlet cross
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8.
section increases the means defining said discharge
cross section 1s reduced in size and vice versa.

10. A control apparatus as defined by claim 1, charac-
terized in that said valve member is motivated in its
closing direction by a spring means, the force of said
spring means being variable by said adjusting member
for the purpose of displacing the effective control air
pressure range. |

11. A control apparatus as defined by claim 3, charac-
terized in that at least one of said two diaphragm pres-
sure boxes 1s adjustable by a means, said means effective
to control air pressure range.

12. A control apparatus as defined by claim 1, charac-
terized in that said adjustment member is arranged to
communicate with a work chamber, said work chamber
including said movable wall which acts counter to at-
mospheric air pressure (p4) and counter to a restoring
spring:

* % % %k %
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